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FOREWORD 


Hiller  Aircraft  Corporation  was  awarded  Contract  DA  iJi-177-TC-655 
in  April  I960  to  extend  the  work  performed  under  Contract  DA  hu- 
177-TC-500,  This  work  was  to  include  studies,  tests  and  evaluation 
of  the  effects  of  downwash  and  slipstream  forces  of  Vertical  Take¬ 
off  and  Landing  (VTOL)  aircraft  with  respect  to  aircraft,  supporting 
equipment,  personnel  and  landing  areas. 

A  portion  of  the  work  cover<^J  by  this  contract  has  been  fulfilled. 
Results  of  surface  erosion  tests  utilizing  the  downwash  from  a  tvo- 
foot-diameter  ducted  fan  were  presented  in  TREC  Technical  Report 
60-67. 

This  report  presents  the  results  of  tests  conducted  at  ■;  he  J.  S. 

Army  Engineers  Waterways  Experiment  Station  at  Vicksburg,  Missis¬ 
sippi  in  September  I960.  For  these  tests  the  two-foot-diameter 
ducted  fan  was  fitted  with  a  diffuser.  Adapters  were  used  at  the 
diffuser  exit  to  sintulate  side  by  side  flow  for  VTOL  type  machines 
and  annular  nozzle  and  plenum  chamber  type  ground  effect  machines 
(G.E.M. ),  In  addition  to  the  test  sites  and  general  support  of 
the  test  program,  the  Waterways  Experinuint  St:'tion  provided  the 
wave  rods  and  recorder  equipment  used  in  the  water  tests  and  the 
classification  and  condition  of  the  materials  at  the  time  of  testing,, 

Work  remaining  to  be  done  under  this  contract  consists  of  the  pre¬ 
paration  of  a  summary  report  ar^i  an  edited  film  analyzing  the 
results  of  this  contract  and  Contract  DA  m-177~TC~500,  and  pre¬ 
senting  recommendations  relative  to  VTOL  aircraft  design  and 
operation  based  on  conclusions  drawn  from  the  analysis. 
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NOMENCLATURE  USED  FOR  SOIL  CONDITION 


Test  Numbers 


I  Lean  Clay  (CL) 

A.  Bladed  Section 

B«  Plowed  Section  (Flat)  h2  to  U5  inclusive 

li7  to  inclusive 


II 

Fat  Clay  (CH) 

III 

Sand  (SP) 

A.  Dry 

26  to  Ul  inclusive 

56  to  59  inclusive 

and  li6 

IV 

Sandy  Gravel  (GW) 

A.  As  Deposited 

60  to  68  inclusive 

V  Water 

A.  Fresh  1  to  25  inclusive 


This  system  of  soil  condition  nomenclature  was  used  to  provide  a 
complete  cross  reference  between  this  report  and  Appendix  I.  A 
single  designation  was  used  which  consists  of: 

1)  A  Roman  numeral  that  designates  the  type  of  soil. 

2)  An  alphabetical  symbol  that  designates  the  soil 
preparation. 

3)  The  test  number  assigned  at  the  time  the  test  :^as 
conducted. 

A  designation  can  consist  of  the  first  two  parts  when  reference  is 
made  to  a  series  of  tests. 

Example:  Data  designated  I-BU5. 

This  data  refers  to  test  number  which  was  conducted  over  a  plowed 
flat  surface  of  lean  clay. 

Reference  to  soil  condition  V  A  refers  to  all  tests  conducted  over  the 
fresh  water. 
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i.flO  auliMaY 


A  mobile  test  rig,  -tdiich  provided  a  cold  air  sotirce  vith  an  opening 
of  onja«f6'tft  full  ^iSioa  euds  ddnndctad  a  IT-ifioh  straigBt  sibtibb, 
ms  used  for  these  tests  o  The  open  end  of  the  air  mppl^-ms  uaed 
for  the  plei^  bh^er  Q.E.M.  configuration.  An  adapter  was  provided 
tihioh  incorporated  a  *6  inch  thick  annular  nozzle  inclined  at  h$  de¬ 
grees  toward  the  base  plate.  An  additional  adapter,  with  two  one-foot- 
dianeter  spun  aluninum  ducts  installed  with  centers  two  feet  apart, 

WM  used  to  investigate  the  interference  caused  by  twin  air  jets. 

The  side  by  side  duets  mre  tested  in  the  disk  loading  range  of  8  to 
150  pounds  per  square  foot  ani  at  Z/D  ratios  from  to  3,  The  G.E.M. 

confi^rations  were  tested  at  Z  ■  .25  feet  above  the  undisturbed  sur¬ 
face  (this  exit  height  ccirresponded  to  an  effective  Z/D  of  approxi¬ 
mately  .1).  The  plenum  chamber  disk  loadings  (based  on  the  plenum 
base  area  of  5.96  square  feet)  were  1^.36,  8,li,  9.U  and  31«25  pounds 
per  square  foot  and  the  annular  nozzle  disk  loadings  (based  on  the 
base  plate  plus  nozzle  area  of  5»2  square  feet)  were  2.13,  9.61*  and 
16.6  pounds  per  square  foot. 

Initial  tests  were  performed  over  a  non-eroding  surface  to  determine 
the  surface  flow  characteristics  of  the  three  configurations.  Soil 
conditions  Investigated  consisted  of  plowed  flat  lean  clay,  dry  sand, 
sandy  gravel  and  water.  The  test  data  obtained  included  soil  classi¬ 
fication  and  condition  at  the  time  of  test,  particle  trap  contents, 
film  records,  notes  from  observations  and  oscillograph  records  of  the 
wave  rod  traces. 

The  side  by  side  ducts  showed  the  interference  to  be  restricted  to  a 
narrow  region  neighboring  the  equipotential  line.  In  this  region 
the  maximum  velocity  is  essenti^ly,  the  same  as  the  surrounding 
flow,  but  the  high  velocity  flow  extends  to  greater  heights  above 
the  surface.  When  operated  over  eroding  surfaces  the  annular  nozzle 
configuration  produced  considerable  vertical  projection  of  the  air¬ 
borne  particles  at  all  disk  loadings.  The  plenum  chamber  configura¬ 
tion  tests  were  similar  to  the  side  by  side  dxicts  at  the  lower  disk 
loadings  in  that  the  flow  spread  along  the  ground  surface.  At  high 
disk  loadings  with  the  side  by  side  ducts  the  initial  flow  spread 
along  the  ground,  but  as  the  erosion  produced  cavities  the  flow  was 
projected  above  the  surface. 
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2.00  GONBIUSIONS 


As  this  la  an  interim  report,  the  purpose  of  which  is  to  present  the 
test  data,  the  conclusions  are  restricted  to  those  that  are  drawn 
directly  from  the  test  results  and  pertain  specifically  to  those  tests 

Mien  a  pair  of  jet  streams  Impinge  on  a  surface  in  proximity  to  each 
other,  the  results  are  the  same  as  they  would  have  been  had  the  jet 
streams  been  free  of  mutual  interference,  except  for  a  narrow  region 
neighboring  the  equlpotentlal  line.  In  this  region  the  maximum 
velocity  is  essentially  the  same  as  the  surrounding  flow,  but  the  high 
velocity  flow  extends  to  greater  heights  above  the  surface. 

The  plenum  chamber  exhibited  tendencies  to  produce  the  same  overall 
pattern  as  the  side  by  side  ducts.  (If  the  side  ly  side  ducts  were 
brought  progressively  closer  together,  the  configuration  of  the  plenum 
chamber  would  be  approximated  tdien  the  centerlines  were  separated  by 
one  radius.) 

The  identifying  characteristic  of  the  annular  nozzle  tests'  was  the 
vertical  projection  of  loose  material. 

The  nozzle  flow  turned  approximately  225  degrees.  The  nozzle  was 
directed  under  the  base  plate  at  hS  degrees  and  the  visible  air¬ 
borne  material  was  essentially  vertically  projected. 


3^^  latiasisM^N 


Th#  o)p«SMitbton  of  holiooptera,  varttoal  lift  types  of  aiporaft^aisd 
■groand  jf^tJjflBfeii^a  j&om  u^pJSPJS'od  sigcflSM 
le!i(i  fefibtiii|tad  Mth  the  do^itiLah  or  slipstraain  li^ingeMnto  Mong 
tWs»-p?dbl^a  M?6  the  affs^^  the  pilot  j  the  atPOi’aft  physi- 
oally  operationally}  taotioal  operation  of  the  aircraft}  and 
danger  to  ground  personnel  and  equipnentt  resulting  from  dust  and 
debris  set  in  motion  hy  the  dovnwash  or  slipstream. 

In  1958  tha  U,  S,  Arny  Transportation  Research  Command  (USA  TRIGOM) 
avarded  to  Hiller  Aircraft  Corporation  Contract  DA  UU-177-TC-500  to 
study,  the  oharaoteristloa  of  the  downwash  from  VTOL  aircraft.  In 
the  tests  of  that  program  the  dovnwash  from  propellers  and  a  ducted 
fan  was  In^lnged  on  a  flat  non-eroding  surface,  and  velocity  pro¬ 
files  and  flow  directions  were  obtained  (TREC  Technical  Report  60-58) 

In  April  i960  Contract  DA  ijU-177-TC-655  was  awarded  Hiller  Aircraft 
Corporation  to  conduct  additional  tests  and  evaluation  of  the  effects 
of  the  downvash  in^lngement  on  a  variety  of  soil  conditions.  TREC 
Technical  Report  6O-67  covers  a  portion  of  that  work,  consisting  of 
teat  results  of  a  two-foot-dlaaeter  ducted  fan  impinging  on  various 
types  of  surfaces.  The  results  of  the  remaining  portion  of  the  test 
work  accomplished  \inder  this  contract  are  presented  in  this  report. 

It  should  be  noted  that  the  primaiy  purpose  of  this  report,  as  it 
was  in  TREC  Technical  Report  60-67,  is  to  present  the  results  of  the 
tests  conducted.  Only  the  more  obvious  conclusions  based  on  the  test 
observations  are  presented.  No  attempt  to  analyze  the  test  results 
has  been  made. 

To  obtain  information  that  would  allow  even  the  most  general  answers 
to  questions  concerning  problems  that  might  arise  on  this  subject 
would  require  an  enormous  amount  of  testing.  Vhen  one  considers  the 
variables  oonnected  with  the  air  Jet  generator  -  for  example,  jet 
velocities  and  shapes,  pulsations.  Impingement  angles,  heights  above 
the  surface,  ground  winds  present  -  and  adds  the  variables  present 
when  considering  possible  landing  areas  (such  as  .soil  types  as  to 
textural  and  plastic  qualities,  moisture  content,  surface  irregulari¬ 
ties  and  changes  in  the  surface  during  impingement  of  the  jet),  it 
becomes  immediately  apparent  that  the  program  covered  by  this  report 
could  only  lead,  at  best,  to  very  general  results  and  possibly  point 
the  way  for  future  test  work.  The  reader  is  cautioned  that  the  re¬ 
sults  presented  in  this  report  were  obtained  under  conditions  that 
allowed  only  a  few  of  the  many  above-mentioned  variables  to  be  con¬ 
trolled  or  investigated,  and  that  any  attempt  to  apply  these  results 
to  specific  cases,  except  in  a  very  general  way,  is  not  recommended. 
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~t«00  ~TffiSORlFTtON-OF-TEST-BQUgMBMT 


U.Ol  TRUCK  TEST  RIQ  (FIQliRB  1) 

A  U.  S.  Army  Model  M-5U,  5-ton,  6x6  cargo  truck  with  a  front-mounted 
vlnch  was  used  as  a  base  for  the  test  rig.  A  parallelogram  boom,  with 
main  arms  feet  long, 
was  mounted  to  the  truck 
bed.  Supported  on  the 
arms  was  a  Ford  Model  332 
Industrial  V-8  engine, 
displacement  332  cubic 
inches,  continuous  horse¬ 
power  rating  128  at  2000 
rpm,  A  five-speed,  truck- 
type  gearbox  was  mounted  on 
the  engine  and  provided 
input  to  output  ratios  of 
lil,  l.U8tl,  2.1;0tl,  l;.38il 
and  7«58<1.  The  output 
shaft  from  the  gearbox  was 
attached  to  a  right  angle 
drive  unit  with  an  input  to 
output  ratio  of  1:2.69.  This 
unit  was  moxmted  so  the  out¬ 
put  end  could  be  rotated  about 
the  main  drive  shaft  axis.  This  allowed  the  thrust  axis  to  be  in¬ 
clined  from  0  to  90  degrees  in  30  degree  increments.  The  propellers 
were  mounted  on  the  output  shaft. 

The  propeller  height  above  the  ground  was  varied  by  raising  and  lower¬ 
ing  the  boom  assembly  with  the  winch  cable.  This  height  could  be 
varied  from  six  inches  to  lU.5  feet. 

U.02  DUCTED  FAN  ASSEMBLY  (FIOURE  2) 

The  air  generator  for  these  tests  was  a  two-foot-diameter  ducted  fan. 
The  single  rotation  propeller  contained  six  three-inch  chord,  RAF-6 
airfoil  section  blades  machined  from  aluminum  alloy  forgings  mounted 
in  a  split  hub  that  allowed  the  pitch  of  the  blades  to  be  ground  ad¬ 
justed.  The  blade  tip  was  set  at  approximately  17.7  degrees  for 
these  tests.  Mounted  to  the  duct  below  the  propeller  was  a  set  of 
five  three-inch  chord,  molded  plastic,  straightening  vanes  designed 
to  remove  the  swirl  ftom  the  exit  air  stream.  The  three-foot-long 


Fig.  1.  Qeneral  Arrangement 
Test  Equipment 
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duot  'Mas  turned  from  a 
laminated  ey’linder  of 
sufar  pine.  It  was 
mounted  to  the  msdn 
support  shaft  by  a 
welded  tubular  steel 
support.  The  duot 
shape  consisted  of  a 
lem^eoate  Inlet  fol¬ 
lowed  by  a  cylinder, 
with  the  propeller  and 
straightening  vanes 
located  near  the  exit* 


Fig.  2.  Ducted  Fan  Assembly 
Two-Foot  Diameter 


U.Q3  imET  SCREEN  (FIQURS  1) 

A  duct  inlet  screen  of  l/li-inch  mesh  was  fitted  over  the  duot  support 
tubes  to  prevent  solid  particles  from  falling  into  the  duct  inlet. 

The  screen  did  not  completely  close  the  inlet,  an  annular  space  be¬ 
tween  the  outside  of  the  duct  and  the  bottom  of  the  screen  being  left 
open. 


U.OU  TACHOICTER  (FIOURE  3) 

A  Hewlett-Packard  Model 
^OOC  electronic  tachometer 
was  used  to  determine 
accurately  the  propeller 
rpm.  The  tachometer  uses 
a  photo  cell  to  sense 
intermittent  reflected 
light  from  the  propeller 
drive  shaft. 


Fig.  3.  Instrument  Panel,  Tachometer 
and  Particle  Trap 


5 


U.Qg  PBTRUMEilir  PAMEL  TFIOURE  3) 

A  portable  Instrument  panel  oontainlng  the  cottbrols  for  the  propeller 
power  plant  was  used*  Mounted  on  the  panel  were  the  ignition  switch, 
starter  switch,  throttle  control,  camera  remote  control  switch, 
clutch  controls,  an  engine  tachometer  and  an  instrument  for  measuring 
barometric  pressure. 

U.06  PARTmiE  TRAPS  (FIGURE  3) 

Three  particle  traps  constructed  of  l/h-lnch-thlck  plywood  with  a 
plexiglass  back  were  used*  These  traps  were  thirty-two  Inches  tall, 
six  inches  Tri.de  and  six  inches  deep*  They  were  set  in  the  ground  four 
inches  deep  leaving  twenty-eight  inches  protruding*  The  exposed  area 
was  divided  into  seven  equal  compartments  with  the  bottoms  sloped 
rearward  at  approximately  30  degrees* 

It  *07  CAMERAS 

A  35  millimeter  camera  was  used  for  all  black  and  white  test  photo¬ 
graphs  of  particle  movements  and  eroded  sections*  A  16  millimeter 
movie  camera  was  used  to  photograph  some  typical  test  runs* 

It *08  WAVE  RODS  fFIOURE  h) 

Six  wave  rods  were  sup¬ 
plied  by  the  Waterways 
Experiment  Station*  These 
rods  were  approximately  one 
foot  long,  1/lt  inch  thick 
and  1/2  inch  wide,  and 
supported  two  wires  sepa¬ 
rated  by  insulating  material* 

These  rods  were  mounted  to  a 
submerged  steel  angle  struc¬ 
ture  so  that  the  upper  ends 
protruded  approximately  three 
inches  above  the  water* 

These  rods  were  used  as 
sensing  elements  in  parallel 
to  a  portion  of  a  balanced 
full  bridge*  An  unbalance, 
caused  by  changes  in  the  water  height,  was  reflected  to  the  bridge, 
amplified,  and  recorded  on  an  oscillograph  type  recorder* 

lt*Q9  DUCT  DIFFPSER  (FIGURE  1) 

To  accommodate  the  adapters  simulating  the  aide  by  side  flow  for 
VTOL  aircraft  and  the  ground  effect  machines,  a  diffuser  approximately 
71  inches  long  was  constructed.  Its  cross  section  was  a  smooth  tran¬ 
sition  from  a  two-foot-dlameter  to  an  oblong  shape  two  feet  wide  and 
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isSfeis  iojjg  eMa  Case.  Fi-pre 

--Iji^-s  srea  was  5f955  square  feet*  It  was  eenatJS®i|fiuJ  ?{#, 

-  -3^^^  allogr  ahiet-  Ae  t  al_  and:  aliaminum  alle^^rexbrad^  a||f « 

^afctichid  to  a  circular  steel  ring  inlet.  A  full  ^tft 

— 32~±nehBs~itong~Has“tnstalied-onH;he“  oenter-of^^he  ■diffuser^aleng'^hB' . 

ninor  axis.  The  lower  end  of  the  vane  could  he  adjusted  to  regulate 
the  flow  distribution  at  the  exit. 


U..10  SIDE-BY  SIDE  FlflW  ADAPTER  CFISURE  S) 


To  simulate  the  air  flow 
from  VTOL  aircraft  with 
more  than  one  air  source 
this  adapter  was  utilized. 

It  was  constructed  of  a 
cover  sheet  of  aluminum 
alloy  with  aluminum  alloy 
extruded  stiffeners.  Two 
eight-inch-long,  one-foot- 
diameter  spun  aluminum 
ducts  were  riveted  in  cut¬ 
outs  in  the  cover  sheet  with 
their  center  lines  two  feet 
apart. 


Fig,  5.  Side  by  Side  Flow  Adapter 


l.ll  ANNU'LAR  N0Z2IE  (FIGURE  6) 

This  adapter  was  constructed  of  a  welded  aluminum  alloy  ring  supporting 
a  wooden  center  body  by  means  of  12  equally  spaced  bolts  and  spacers. 
The  nozzle  angle  was  h.$  degrees  directed  inward  and  had  a  width  of  .60 
inches. 


Fig,  6,  Annular  Nozzle  Flow  Adapter 


U.18  BOOM  SmUT  Cfkkjbe.i) 

This- strut,  used  for  obtaining  close  control  of  the  propeller  height 
a^ve  the  test  surface,  vaa  constructed  of  3“ihohrdeep  channel  aeoilons 
idth  2-ijich  steel  e^le  cross  members*  It  was  attached  to  the  lower 
boom  arm  \sy  lasahs  of  3A~ineh-diameter  pivot  bolts*  It  was  stabilized 
to  the  truck  bed  by  means  of  a  2-inch  steel  angle  brace*  Additional 
strut  length  was  provided  by  extensions  constructed  of  3-inch-diameter 
steel  tubing  bolted  to  the  base* 

U*13  TEIOCITY  RAKE*  DUCT  EXIT  CFIQURE  g) 

Two  rakes,  of  four  total  tubes  each,  were  constructed  of  3/l6-inch- 
dlameter  copper  tubing*  The  tubes  were  equally  spaced  so  as  to  sur¬ 
vey  the  exit  total  pressure  of  the  two  side  by  side  one-foot-diameter 
ducts*  Sheet  metal  brackets  soldered  to  the  tubes  held  the  rake  in 
place  at  the  duct  exit. 

U*3ii  TOTAL  PRESSURE  RAKE.  EIGHT  TUBE  fFIQURE  7) 

This  rake  was  constructed  of 
eight  3/16-inch-dlameter 
copper  tubes  soldered  to  a 
sheet  metal  angle  support* 

This  rake  was  used  for  ob¬ 
taining  total  pressure  pro¬ 
files  along  the  ground  plane 
with  the  duct  adapters* 


Fig.  7*  Velocity  Rake,  Eight  Tube 

It* IS  MftNOMETER  PANEL*  TEN  TaSE  DCIIMED  (FIGURE  8) 

The  structure  of  this  panel  was  plywood  on  idilch  a  welded  steel  tank 
was  attached*  Connected  to  the  tank  were  ten  l/li-inch-diameter 
plastic  tubes*  With  the  base  level  as  indicated  by  the  side  mounted 
bubble,  the  slope  of  these  tubes  was  one  in  four.  An  adjustable 
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reservt)ir  was  provided  to  allow  the  neutral  position  of  the  water  to 
be  adjusted.  Metal  scales  graduated  in  centimeters  were  attached 
-between  the  plastic  tubes. 


Fig.  6*  Manometer  Panel,  Ten  Tube  Inclined 
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5.00  EiCPEaiMEWrAL  PROCEDURE 


5.01  OAUBRATION 

Direct  thrust  neasurenents  were  Inpi'actical  due  to  the  relative  mag¬ 
nitude  of  the  thxnist  and  weight  of  the  test  equipment.  The  thrust 
reaction  on  an  eight-foot- 
square  ground  plane  was  used 
for  calibration*  The  ground 
plane  was  constructed  of  lA- 
Inoh  plywood  stiffened  with 
2xU  Inch  lumber,  and  sup¬ 
ported  on  two  standard  plat¬ 
form  scales.  A  screw  Jack 
under  the  boom  support  strut 
was  used  to  adjust  the 
clearance  between  the  ground 
plane  and  the  duct  adapter. 

The  plenum  chamber  and  annu¬ 
lar  nossle  adapters  were 
tested  at  only  one  height, 

Z  ■  .25  feet.  The  Z  measure¬ 
ment  was  made  prior  to  each 

test  and  was  therefore  the 

exit  height  prior  to  any 
erosion  ^oh  may  have  taken  place.  A  general  view  of  the  test 
equipment  during  calibration  Is  shown  In  Figure  9* 

5.02  FORCE  AMD  PRESSURE  MEA8HREMBNTS 

The  side  by  side  one-foct-diameter  duct  adapter  was  installed  with 
the  duct  exit  rakes  mounted  and  connected  to  the  manometer  panel. 

With  the  side  by  side  ducts  operating  out  of  ground  effect,  the 

diffuser  vane  was  adjusted  until  the  manometer  panel  showed  equal 
flow  from  the  two  ducts.  This  vane  setting  was  then  used  throughout 
the  test  program.  Thinist  calibration  runs  were  made  by  continuously 
monitoring  engine  rpm  vdille  adjusting  the  clearance  between  ., the 
ground  plane  and  adapter.  When  the  desired  clearance  and''^ptii  were 
obtained,  platform  scales  were  balanced  and  the  readings  recorded. 
The  difference  between  the  pre-run  reading  and  the  reading  taken 
during  operation  was  obtained  for  each  scale  and  the  results  added 
to  obtain  total  thrust.  Thrust  versus  rpm  curves  corrected  to  sea 
level  standard  conditions  are  shown  for  the  side  by  side  ducts 
(Figure  38)  and  the  ground  effect  duct  adapters  (Figure  39). 

The  procedure  used  to  obtain  pressure  data  was  the  sane  as  that  for 
the  force  data  until  the  pro^r  clearance  and  rpm  were  obtaltud. 

For  the  pressure  data  the  rpm  was  maintained  constant  ^lis  the 
manometer  board  was  read  manually. 


Fig.  9.  General  Arrangement 
Calibration  Equipment 
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g.Q3  J3PiBA!gHB  IBiaSEDBRE 

The  test  TOre  prepfiffed  as  described  in  Appendiji:  I.  Prior  to 
conducting- a  %est  the  nozele  vrais  pOsitiOhed  dwr  the^  s  at  the 
height  to  be  tested  and  the  particle  traps  (or  wave  rods)  were 
positioned  about  the  adapter  as  shown  in  Figure  UO  for  the  side  by 
side  duct.  Figure  Ul  for  the  plenum  chamber,  and  Figure  li2  for  the 
annular  nozzle  adapter.  The  propeller  clutch  was  engaged  and  the 
propeller  was  brought  to  the  desired  operating  speed,  whereupon  a 
stop  watch  was  started.  Photographs  and  observations  were  made 
during  operation  that  normally  lasted  one  minute,  after  which  the 
propeller  rpm  was  reduced  and  the  clutch  was  disengaged.  Particle 
trap  contents  were  recorded  and  the  eroded  section  was  photographed 
and  measured.  Tests  conducted  over  the  water  site  were  not  timed. 
Teat  time  was  that  required  to  complete  the  oscillograph  records, 
motion  pictures  and  observations.  Typical  tests  were  photographed 
with  a  16  millimeter  movie  camera  using  color  film. 
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6,01  GENERAL 


The  reduction  of  the  data  obtained  during  tests  orer  soils  has  been 
performed  in  the  folloving  manner  t 

Flow  Rate  -  This  parameter  has  been  used  for  plotting  the  data  ob- 
tained  from  the  particle  traps.  To  obtain  flow  rate  the  product  of 
the  volume  of  material  in  a  given  oompartment  and  the  material  den¬ 
sity  of  the  uppermost  soil  sample  was  divided  b7  the  product  of 
Arontal  area  of  the  oonqpartment  and  the  test  time.  The  flow  rate 
is  the  weight  (in  pounds)  of  material  passing  each  minute  through  a 
square  foot  area  normal  to  the  ground  surface.  The  use  of  the  upper¬ 
most  soil  sample  density  as  the  density  of  the  trapped  material 
eliminated  the  need  to  weigh  the  contents  of  each  oompartment.  The 
oompartment  volume  was  obtained  by  measuring  the  height  of  material 
in  the  coii^iartment  and  converting  this  measurement  to  volume  through 
the  use  of  an  appropriate  imiltlplier. 

These  methods  were  found  to  produce  good  results  and  greatly  in¬ 
creased  the  number  of  tests  possible  by  their  simplicity. 

Hole  Contour  and  Erosion  Rate  -  Tests  of  the  side  by  aide  duets  pro- 
duced  "two  overlapping  circular  eroded  areas  (Figure  10).  After  com¬ 
pleting  each  of  several 
tests  over  the  sand, 
the  contour  of  the  eroded 
hole  was  obtained  for 
comparative  purposes. 

The  depth  was  measured  at 
the  center  and  every  two 
Inches  along  a  radial  line 
which  did  not  Intersect 
the  overlapping  section  of 
the  eroded  area.  To  obtain 
the  erosion  rate  a  numeri- 
oal  integration  was  performed 
that  provided  the  volume  of 
a  olroular  area  with  the 
measured  contour.  This  rep¬ 
resents  the  erosion  rate  of 
a  single  one-foot-dlameter 
duct. 

Hole  Diameter  Ratio  -  The  hole  diameter  ratio  is  based  on  the  diameter 
of  one  oi  the  overlapping  eroded  sections.  The  diameter  of  each  of 
the  pair  of  eroded  holes  >«s  normally  the  same;  hoiiever,  because  of 
non-uniformity  in  the  soils  one  was  sometimes  larger  or  was  larger  in 
one  direction.  The  largest  diameter  was  used  to  construct  the  plots 


Fig,  10.  Test  III  A  35  After  Com¬ 
pletion,  Z/D  -1.5  w  - 150 


12 


of  di^.etar  ratio  versus  disk  ibadlng.  The  riauctlbn  df^aati'IFor  'the 
over  water  tests  consisted  of  reading  data  from  the  QSQlilogra|>h  ^ 
plotting  tte-dlsplacenent,  wave  amplitude  and  frequeno^  fsr  eaoh  of 
the  five  wave  rods. 


Pressure  Measurements  -  To  provide  Information  for  correlation  between 
the  di^^erenb  oonfigurations,  ground  total  pressure  surveys  were  made 
over  non-eroding  surfaces,  using  the  total  pressure  rake  shown  In 
Figure  7*  The  total  pressure  Is  equal  to  the  dynatulc  pressure  for 
the  neasurements  taken  farthest  from  the  nozzle  exits,  and  the  dynamic 
pressure  would  be  slightly  less  than  the  total  pressure  for  the 
measurements  veiy  close  to  the  nozzle  exits. 

Side  by  Side  Ducts  -  The  side  by  side,  one-foot  diameter  ducts  were 
operated  at  a  Z/D  •  1.56  and  a  disk  loading  of  liU.6  pounds  per  square 
foot.  The  total  pressure  rake  was  used  to  survey  the  ground  flow 
along  the  0  "  0,  I(^,  and  90  degree  directions  from  the  x  origin  and 
along  the  minor  axis  of  symmetry.  The  profiles  obtained  at  0  ■  0, 

U5,  and  90  degrees  are  very  similar  CFlgures  li3,  hh  and  US  respectively) 
and  of  the  magnitude  to  be  expected  of  the  teat  conditions. 

The  total  pressure  profiles  obtained  along  the  minor  axis  of  symmetry 
(Figure  U6)  show  a  maximum  velocity  of  approximately  the  sairie  value  as 
was  obtained  from  the  0  ■  0,  U5,  and  90  degree  planes  originating  at 
the  X  origin.  The  decay  rate  is  lower  on  the  minor  axis  plane  of 
symmetry  and  the  velocities  are  greater  at  greater  distances  above  the 
ground  plane. 

Plenum  Chamber  -  The  plenum  chamber  was  operated  with  a  three- inch 
ground  clearance.  The  machine  was  operated  at  a  disk  loading  of  9.U0 
pounds  per  square  foot  (calculated  using  base  area  of  square 

feet)  i^lle  ground  total  pressure  profiles  were  taken  along  the  major 
and  minor  axes  (Figures  U7  and  U8  respectively).  The  maximum  values 
obtained  on  the  tw  axes  show  good  agreement.  The  pressure  at  the 
highest  points  measured  shows  the  major  axis  to  have  a  thinner  ground 
flow.  The  flexibility  of  the  ground  board  was  sufficient  to  account 
for  the  apparent  disagreement.  A  .U  inch  shift  of  the  abscissa  aligns 
the  curves.  To  determine  the  effect  of  disk  loading  the  plenum  cham¬ 
ber  was  operated  at  three-inch  clearance  and  disk  loadings  of  U.36 
and  31.2^  pounds  per  square  foot,  while  pressure  profiles  wshe  deter¬ 
mined  on  the  major  axis  at  a'  ■  0  (Figure  19) . 

Annular  Nozzle  -  The  annular  nozzle  adapter  total  pressure  profiles 
were  obtained  in  the  same  manner  as  those  for  the  plenum  chamber. 

Total  pressure  profiles  recorded  along  the  major  axis  during  opera¬ 
tion  at  a  height  of  three  inches  and  a  disk  loading  of  9 .611  pounds 
per  square  foot  (disk  loadings  based  on  the  total  areas,  base  plus 
nozzle,  of  9.20  square  feet)  are  shown  in  Figure  vdth  the  same 
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te$t  QotidlblQnSf  profits  v»re  obtained  along  the  minor  axis  (F^lgpre 
The  effebt  ofjii^  16^^  is  eh^i^  ihTi|iire  Ifei  data  i»s 
.fee^cB’d  £Lbjig  the  raa^or  -iwai  itfbTv^tHB  M^'  helfKt'  of  th^e  ih^ee 
and  niak  Ipadinge  of  2j,llj  9j«j^  ;a«dJl6*6i;]^uhda  .per^^^s^^ 

I^essure  measm’emsnts  were  made  in  one  quadrant  of .  the  aiumlar  nozzle 
base  plate  under  test  conditions  of  3«inch  height  and  9*6U  pounds  per 
square  foot  loading  (Figure  ^3)* 

6.02  SOIL  CQMDITION  I  B  (PLOWED  lEAN  CIAY) 

Side  by  Side  Pacts 

The  side  hF  side  ducts  were  tested  over  the  plowed  (flat)  lean  olay 
section  at  disk  loadings  of  1^^  30,  60  and  1^0  pounds  per  square  foot. 
Two  values  of  Z/D  (.^  and  3*0)  were  used,  and  flow  rates  were  plotted 
(Figures  5h  and  respectively).  Tests  conducted  at  Z/t)  ■  .9  show 
oonslderable  erosion  at  a  disk  loading  of  30  pounds  per  square  foot 
(Figure  11a).  The  material  in  notion  in  Figure  Ua  appears  to  be 


Pig.  lla.  Test  I  B  U8a  Pig,  11b,  Test  I  B  h8b  After 

During  Operation  Tost  Coi^pletion 

primarily  light  dust,  but  the  eroded  hole  in  Figure  11b  shows  that  the 
heavier  particles  were  moved  out  of  the  impact  area  and  deposited 
around  the  eroded  seotlon.  Heavy  particles  left  on  the  slopes  of  the 
eroded  area  s\iggest  that  these  larger  particles  were  rolling  or 
skipping  along  the  surface. 


The  high  disk  loading  (1^0  pounds  per  square  foot)  tests  at  Z/D  •  »$ 
ahoira  that  large  partielea  were  airborne  (Figures  12a  and  12b),  There 


Fig,  12b,  Test  I  B  ^Ob  Dtxrlng 
Operation,  Final 
Period  of  Test 

is  a  definite  change  in  flow  oonditions  with  time,  the  particles  at 
the  start  of  the  ons-nlnute  run  being  deposited  over  a  large  area 
(Figure  12a),  During  the  last  few  seconds  of  the  one-minute  test 
the  flow  turns  through  a  l80-degree  angle  and  moves  up  very  close  to 
the  diffuser  (Figure  12b), 

In  earlier  tests  with  the  two-foot-dlameter  duoted  fan,  ^oh  had  a 
reverse  flow  region  at  the  centerline  of  rotation,  small  peaks  were 
noted  in  the  center  of 
the  eroded  area,  Wien 
air  jets  tn^lnge  vertl- 
caUy  on  a  surface  a 
stagnation  point  exists 
under  the  center  of  each 
duct.  It  was  not  con¬ 
clusive  whether  the  peaks 
were  the  result  of  the 
reverse  flow  or  the  stag¬ 
nation  point,  A  very 
uniform  velocity  profile 
out  of  the  bottom  of  the 
side  by  aide  duots  was 
observed  during  the 

Fig,  12o,  Test  I  B  $0o  After 
Test  Completion 
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initial  setting  of  the  diffuser  splitter  vane.  The  soil  peaks  left 
after  completion  of  tlis  testa  "VTith  the  side  by  side  duct  adapter 
-('Figure  12o)  ^e  the  result  of  the  stagnation  point.  The  eroded 
hole  diameter  versus  disk  loading  curve  (Figure  56)  shoiia  how  disk 
loading  and  Z/D  affect  the  size  of  the  eroded  area. 

Plenum  Chamber 

At  Z  ••  .25  feet  and  v  •>  8.U  pounds  per  square  foot  (50  pounds  thrust ), 
the  plenum  ohamber  configuration  showed  a  very  definite  spreading  , 
ground  flow  (Figure  13).  The  general  flow  pattern  did  not  change  at 
the  highest  disk  loading  tested  (w  >  31*25)>  see  Figure  lUa.  The 
eroded  section  left  by  the  plenum  chamber  had  the  same  general  appear¬ 
ance  at  all  loadings  tested.  A  typical  example  is  afforded  by  Figure 
lib.  The  higher  loading  produced  deeper  erosion  but  the  center  mound, 
roughly  two  feet  long  surroimded  by  a  smooth  trough,  was  the  general 
character istic.  The  flow  rate  profiles  have  been  plotted  for  the 
plenum  ohamber  and  are  shown  in  Figures  57a  and  57b* 


Fig.  13.  Test  I  B  52 

During  Operation 


Fig,  liia.  Test  I  B  53a 

Diulng  Operation 


Fig.  lib.  Test  I  B  53b  After 
Test  Completion 
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Tests  of 

iioiisle  ih6wed  j&  ys?y 
]^sitlV6  tsttdliic^f  for 
the  flow  to  travel 
through  225  degrees, 
and  flow  up  along  the 
exterior  of  the  dif¬ 
fuser.  Figure  15  was 
taken  during  operation 
at  Z  ••  »25  f«at  and 
w  -  9.6U  (T  -  50  pounds). 

In  contrast  to  the  plenum 
ehamber,  Tliieh  showed  a 
spreading  ground  flow 
until  the  erosion  formed 
a  pocket,  the  annular 
nozzle  appeared  to  send 
the  dust  up  aromd  the 
diffuser  at  the  start 
of  the  test.  At  high 
disk  loading  (w  •  lo.o) 
the  flow  is  generally 
the  sane  as  at  lower 
disk  loading  (Figure  loa). 
The  general  drift  of  the 
dust  in  Figure  l6a  is  duo 
to  a  slight  surface  wind. 
The  eroded  area  (Figure 
lj6b)  shows  the  steep  sided 
trench  resulting  from  the 
annular  air  Jet. 

Flow  rate  profiles 
obtained  during  testing 
of  the  annular  nozzle 
were  plotted  (Figures 
58a  and  58b) .  The 
particle  traps  were 
positioned  close  to  the 
exit  nozzle  but,  duo  to 
the  extreme  vertical 
projection  of  material, 
they  do  not  represent 
true  indications  of  the 
material  flow. 


Fig.  15.  Test  I  B 

During  Operation 


Fig.  16a.  Test  I  B  55a 

During  Operation 


Fig,  l6b.  Test  I  B  55b  After 
Test  Con^iletion 
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~6,03  SOIt  CQMjlT'lON  III  A  (DRY  SAMP) 

-Due-to -theH?.f-latiye  uni-fPCTdjby  the  fine  grMn  size,  the  behavior 
of  the  adajrtera  oyer  sand  provides  greater  understandiiig  of  the  flow 
pattern  thsua  is  possible  with  other  soils.  This  would  be  true  of  the 
water  testa  but  the  spray  hides  the  Implhgeineiit  area  and  the  eroded 
section  is  not  preserved  for  study  after  the  termination  of  the  test. 

Side  by  Side  Duots 

Because  the  sand  was  relatively  dust  free^  the  impact  area  could  be 
observed  during  low  disk  loading  operation.  Figure  17a  shows  the 
inpaot  area  during  a  test  at  Z/D  °  and  w  «  1^  pounds  per  square 
foot.  The  sand  was  being  swept  out  at  a  steady  rate  and  the  eroded 


Fig.  17a.  Test  III  A  30a 
During  Operation 


Pig,  17b.  Test  III  A  30b  After 
Test  Completion 


area  shown  in  Figure  17b  was  being  formed.  The  contact  region  between 
the  twD  flows  is  relatively  narrow  and  apparently  does  not  influence 
the  normal  erosion  pattern  from  0  ■  0  to  beyond  0  ■  90  degrees.  There 
was  no  indication  during  this  test  that  the  flow  pattern  changed  from 
a  general  groiind  flow  to  vertical.  The  eroded  hole  probably  did  not 
get  deep  enough  to  turn  the  flow  up  to  180  degrees. 
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At  Z/D  =  a^^d  w  =  150  poTxnds  per  equare  fgot  the  change  in  flow, 
pattern  was  readily  apparent  (Figures  l8a  and  l6b).  The  eroded  sec** 
-trion  (Eigura  l8c)  show?  iindioations  of  moist  sand  4-n -thST  iogf r^  rf g-ipns 
but  tho  general  pattern  is  similar  to  that  of  the  lower  disk  loading 
test.'  . . .  ' 


Fig,  l8a.  Test  III  A  26a  During 
Operation,  Beginning 
of  One  Minute  Test 


Fig,  18b.  Test  III  A  26b  During 
Operation,  Nearing 
Completion  of  One 
Minute  Test 


Fig,  l8c.  Test  III  A  26c,  After 
Test  Completion 
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The  oveEall  appeaE^ice  of  the  high  Z/D  teats  (zA*  ■  3)  essentially 
rthi,-saBg-.aa  jbhe_lp.w,z/D  tests  with  the  exception  that  the  airhorne 
samii  hsd  the  appeSEjimce  of  ^ing  caused  by  larger  gedngl^WChtnery 
(Figures  19a  and  19b) «  By  comparing  the  eroded  section  (Figure  i9o) 


Pig.  19a.  Test  III  A  39a  During 
Operation,  Beginning 
of  h$  Second  Test 


Fig,  19b.  Test  III  A  39b  During 
Operation,  Nearing 
Completion  of  li5 
Second  Test 


Fig,  19c.  Test  III  A  39c  After 
Test  Completion 

with  the  low  ZA^  tests  it  will  be  seen  that  the  eroded  holes  have  more 
overlap  at  Z/d  "  3,  which  leaves  a  single  ridge  near  the  geometric 
center  with  less  definite  traces  of  the  double  ridge  so  evident  at 
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lower  z/D  range.  Some 
of  thei  loss  i-n  the 
double  ridge  in  Figure 
186  is  due  to  the  depth 
of  the  hole.  Comparison 
of  Figure  17b  with  Figure 
20,  both  of  which  were 
tested  at  a  disk  loading 
of  15  pounds  per  square  foot 
and  a  test  time  of  one  min¬ 
ute,  shows  the  lack  of 
sharpness  in  the  ridges  at 
high  Z/b. 


Fig.  20.  Test  III  A  36  After 
Test  Completion 


The  tests  of  the  side  by- 
aide  ducts  appeared  to 
produce  more  vertical 
projection  of  the  air¬ 
borne  material  than  was 
observed  in  earlier  tests 
of  the  single  two-foot 
duct.  The  test  condition 
represented  by  Z/D  ■  1»5 
and  w  ■  60  pounds  per  square 
foot  was  chosen  for  a  more 
detailed  investigation. 

A  rapid  change  from  ground 
flow  to  vertical  projection 
started  at  about  u8  seconds 
after  full  rpm  was  reached, 
and  complete  vertical  pro¬ 
jection  was  established  at 
50  seconds  when  tests  were 
terminated.  The  ground  flow 
and  the  spurting  along  the 
contact  region  between  the 
two  flows  can  be  seen  in 
Figure  21a. 


Fig.  21a.  Test  III  A  33a,  During 
Operation,  Beginning 
of  50  Second  Test 
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The  typioal  eroded  section  (Figure  2ih)  sho-ws  a  damp  sand  area  under 
one  duct*  It  is  interesting  to  note  that  the  contact  regioft  is  shifted 
slightly  away  from  the  damp  side  of  the  hole.  It  was  suspected  that 
the  presence  of  the  adapter  plate  could  be  responsible  for  the  ver¬ 
tical  projection  of  material.  The  ducts  were  extended  from  the 
original  8-inoh  length  to  26^  inches.  The  resulting  eroded  section 
is  shown  in  Figure  22,  The  test  time  prior  to  vertical  projection  of 
material  and  total  test  time  was  identical  to  that  in  Figure  21.  It 
was  concluded  that  the  vertical  projection  not  observed  to  such  an 
extent  in  the  tvio-foot  duct  tests  was  the  result  of  the  side  Ysy  side 
duct  configuration. 


Fig.  21b.  Test  III  A  33b  After 
Test  Completion 


Fig,  22,  Test  III  A  Ul  After 
Test  Completion 
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the  test.  The  teat  time  required  to  start  the  vertical  projection  and 
total  test  time  required  to  produce  the  con^lete  flov  change  ms 
identical  to  that  in  Figure  21, 

The  eroded  section  profile  vas  obtained  for  tests  III  A  3I4  HI  A  32, 
III  A  33,  III  A  m  and  III  A  h6.  The  profile  for  l/n  -  1.5  and  w  - 
15,  30,  and  60  pounds  per  square  foot  is  shown  in  Figure  59  and  the 
profile  for  the  three  tests  at  Z/D  ■  1,5  and  w  ■  60  pounds  per  square 
foot  is  shown  in  Figure  60,  These  profiles  were  numerically  inte¬ 
grated  to  obtain  the  total  material  which  would  have  been  removed  if 
the  depression  were  a  full  360-degrBe  rotation  of  the  profile,  A 
curve  of  the  total  erosion  rate  versus  disk  loading  was  plotted 
assuming  a  single  hole  based  on  the  above  assumption  (Figure  6I),  The 
flow  rate  profiles  have  been  plotted  for  the  side  by  side  ducts  and 
Z/D  ■  ,5  (Figure  62),  z/D  ■  1,5  (Figure  63),  aixi  Z/h  =  3.0  (Figure  61i), 
The  relative  diameter  of  one  of  the  pair  of  eroded  holes  has  been 
plotted  versus  disk  loading  (Figure  65). 

Plenum  Chamber 


Teats  over  sand  showed  the  plenum  chamber  configuration  to  produce  very 
low  ground  projection  of  the  airborne  sand.  Figure  Zlia  was  obtained 


Fig,  2hb.  Test  III  A  58b  After 
Test  Completion 

during  a  test  at  w  ■  8,U0  pounds  per  square  foot  but  it  is  typical  of 
all  disk  loadings  tested,  as  is  the  smooth  contour  of  the  eroded  sec¬ 
tion  (Figure  2l;b),  The  plenum  chamber  showed  a  tendency  to  produce 


Fig,  2Ua.  Test  III  A  56a 
During  Operation 
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m  aroded  hole  similar  to 
that  of  tha  aide  by  side 
duots*  Figure  2S  sho'ws  a 
aiighi  double  ridge  on  the 
minor  axis  of  the  eroded 
section.  This  test  was  a 
one-minute  test  at  a  disk 
loading  of  31 >2^  pounds 
per  square  foot* 


Fig.  25.  Test  III  A  59  After 
Test  Completion 

Flow  rate  profiles  were  obtained  fcs*  the  plenum  chamber  at  disk  loadings 
of  8.U  and  31.25  pounds  per  square  foot  (Figures  66a  and  66b  respectively) 

Annular  Nozzle 

The  annular  noazle  configuration  produced  typical  high  projection  of  the 
sand  (Figure  26a)  with  a  disk  loading  of  9.64  pounds  per  square  foot. 


l»- 


srt; 


Fig,  26b.  Test  III  A  56b  After 

^  ■  •  \W 

Test  Completion 

Fig,  26a.  Test  III  A  56* 

i 

During  Operation 

One  KLnute  Test 

Tfie  ^est  at  a  di'slc  loading  of  l6, 6  pounds  per  square  foot  was  sifldlar 
except  that  the  sand  cloud  was  much  denser  and  the  trench  produced 
was  despar  than  that  of  the  lower  disk. loading  teat  (Piguee  26b.), 

The  flow  rates  have  been  plotted  (Figures  67a  and  67b)  but,  as  previ¬ 
ously  stated,  the  high  vertical  projeption  prevented  capture  of  rep- 
resentatiire  quantities  of  material* 

6.OU  son.  CONDITION  I?  A  (CRAVEL) 

The  general  oharaoteriatios  of  the  sand  tests  were  also  typical  of  the 
gravel  tests,  except  that  the  disk  loading  required  to  move  the  gravel 
was  higher  than  that  for  the  other  soils. 


Side  by  Side  Ducts 


The  side  Iw  side  ducts  are  shown  during  operation  (Figures  27a  and 
27b)  at  •  ,5  and  w  -  150  pounds  per  square  foot. 


Fig,  27a*  Test  17  A  66a  During 
Opei’ation,  Initial 
Few  Seconds  of  Test 


Fig,  27b,  Test  17  A  66b  During 
Operation,  Last  Few 
Seconds  of  Teat 


The  ©foded  hole  (Figure 
-27-0.)  hRs  the  seine  gengral 
shape,  as  was  j^oduced 
over  the  SWdJ  hdvever, 
the  features  are  hot  as 
predominant  due  to  the 
roughness  of  the  surface* 
Flow  rate  profiles  are 
shown  for  Z/D  ■  *5  in 
Figure  68  and  for  Z/D  ■ 

3  in  Figure  69.  The 
ratio  of  the  equivalent 
hole  diameter  to  the  duct 
exit  diameter  was  plotted 
versus  disk  loading  for 
the  gravel  tests  (Figure 
70). 


Plenum  Chamber 


The  tests  of  the  plenum 
chamber  at  w  ■  8*u0 
pounds  per  square  foot 
produced  very  little 
activity  in  the  gravel 
as  can  be  seen  from  the 
flow  rate  profiles 
(Figure  71a) .  The 
higher  disk  loading 
(w  ■  31«25  pounds  per 
square  foot)  produced 
considerable  soil  move¬ 
ment  (Figure  28)  and  the 
particle  traps  reflect 
the  Increased  activity 
in  the  flow  rate  profiles 
(Figure  71b). 


Fig.  27c,  Test  IV  A  66o  After 
Completion  of  1C 
Second  Test 


Fig.  28.  Test  IV  A  6l  After 
Test  Completion  of 
One  Hinute  Test 


27 


Animlar  Nozzle 

The  hffliular  nozzle  showed  considerably  more  activity  at  low  disk 
losing- (w  ■  6.U0  pounds  per  square  foot)  than  was  shown  by  the 
plenun  chaniber.  Figure  29  shows  the  results  of  a  one-minute  tost 
at  V  ■  6«lt  pounds  per  square  foot*  For  comparison  purposes  the 
erosion  caused  by  a  one-minute  test  at  w  ■  16*6  pounds  per  square 
foot  is  shown  in  Figure  30.  The  island  left  in  the  center  (Fig'Jre 
30)  shows  light  sand  and  gravel  on  the  surface^  while  the  trenoh 


Fig.  30.  Test  17  A  63  After 
Completion  of  One 
Minute  Test 


shows  only  large  particles  swept  clean  of  sand  and  light  gravel* 
Outside  the  trench  the  particles  become  smaller  at  greater  distances* 
These  are  the  particles  that  fell  back  to  the  surface.  The  dust  and 
light  sand  were  carried  off  while  light  gravel  went  up  two  to  four 
feet  and  fell  back*  The  flow  rate  profiles  are  shown  in  Figure  72* 
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6.Qg  son  COMDITIOM  V  A  (WATER) 

Side  by  Side  Ducta 

The  side  by  side  ducts  were  tested  over  the  water  at  Z/D  ratios  of  ,5, 
1.5  and  3  and  at  disk  loadings  of  8,  15,  30,  60,  100,  and  150  pounds 
per  square  foot.  The  general  sprsy  pattern  produced  was  similar  to 
the  airborne  sand  pattern.  At  low  disk  loading  where  the  impact  area 
could  be  observed,  the  contact  region  produced  a  spray  plane  on  the 
minor  axis  of  the  twin  duct  system  (Figure  31) ,  At  the  high  disk 
loading  conditions  the  excessive  spray  made  observation  of  the  inspect 
region  impossible  (Figure  32).  The  change  from  lov;  surface  flow  to 


Fig.  31.  Test  V  A  9 

Side  by  Side  Ducts 
Z/D  “  3  w  -  15 


Fig.  32.  Test  V  A  19 

Side  Side  Ducts 
Z/D  -  1.5  w  ■  150 
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vertical  flow  was  not  as  noticeable  with  the  water  tests  as  it  was 


Fig,  33.  Test  V  A  15 

Side  by  Side  Dacts 

z/D  -1,5  w  ■  15 


Fig,  3U.  Test  V  A  17 

Side  by  Side  Ducts 
Z/D  -1*5  w  -  60 


with  the  sand  tests;  however,  comparison  between  the  spray  from  a 
teat  at  w  "  15  pounds  per  square  foot  (Figure  33)  and  one  at  w  ■  60 
pounds  per  square  foot  (Figure  3li)  shows  the  overall  flow  change. 


The  spray  height  increases  with  increasing  disk  loading  at  constant 
Z/D|  and  at  constant  disk  loading  the  spray  height  increases  with  Z/D 
(Figure  35  see  next  three  pages).  It  can  be  seen  from  these  that 
at  times  the  photographs  were  taken  before  the  waves  had  propagated 
across  the  pond.  The  wave  rod  traces,  however,  were  always  made 
after  conditions  were  stabilized.  The  data  obtained  from  the  wave 
rods  has  been  reduced  and  profile  plots  of  stirface  displacement 
versus  radius  ratio  were  constructed  for*  Z/D  -  ,5  (Figure  73), 

Z/D  -  1,5  (Figure  7U),  and  Z/D  -  3  (Figure  75) •  The  primary  wave 
amplitude  (Figure  76)  and  wave  frequency  (Figure  77)  were  plotted 
versus  disk  loading  for  each  of  the  five  wave  rods  located  as  shown 
in  Figure  UO. 
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Teat  V  A  20  Side  Isy  Side  Ducts  Test  V  A  8  Side  by  Side  Ducts 
Z/D  “  .5  w  ■  8  Z/D  *3  w  •  8 


Teat  V  A  21  Side  by  Side  Ducts  Test  V  A  9  Side  by  Side  Ducts 
Z/D  -  .5  w  ■  15  Z/D  -  3  w  -  15 


Pig.  35 

Comparison  of  V  A  Tests  With 
Side  by  Side  Ducts>  Variable  Z/b  and  w 
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Teat  V  A  22  Side  by  Side  Ducts 

z/d  “  .5  w  "  30 


Test  V  A  23  Side  by  Side  Ducts 

z/d  =  .5  w  ■  60 


Pig. 

(Contj 


Test  V  A  10  Side  by  Side  Ducts 

z/d  "3  w  »  30 


Test  V  a  11  Side  by  Side  Ducts 

z/d  -  3  w  -  60 
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Test  7  A  2li  Side  by  Side  Ducts 
Z/D  -  .5  w  -  100 


Test  7  A  12  Side  by  Side  Ducts 

Z/D  -  3  w  -  100 


Test  7  A  25  Side  by  Side  Ducts  Test  7  A  13  Side  by  Side  Ducts 

zA)  -  .5  w  “  150  z/D  -  3  K  -  150 


Fig.  35 

(Continued) 
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Fieri™’  Chamber 


\4hil6  the  plenum  chamber  was  in  operation  it  was  possible  to  obserre 
the  water  surface  in  the  plenum  area.  The  water  surface  in  this  area 
was  belotj  the  mean  water  level,  but  its  surface  was  quite  smooth  with 
waves  beginning  in  the  area  of  the  change  in  surface  elevation  and 
propagating  outward.  At  the  highest  disk  loading  tested  the  spray, 
although  quite  dense,  stayed  near  the  surface.  The  set  of  photographs 
(Figures  36a,  b  and  c)  shows  the  plen™  chamber  in  operation  at  the 
disk  loadings  tested  (w  =  b«36,  S.liO  and  31.25)  over  the  water.  The 


Fig.  36a.  Test  V  A  7  Plenum 
Chamber  w  ■  li,36 


Pig,  36b,  Test  V  A  6  Plenum 
Chamber  w  ■  S.Uo 


Fig,  36c,  Test  7  A  U  Plenum 
Chamber  w  ■  31*25 

wave  rod  location  was  as  depicted  in  Figure  lil.  The  surface  displace¬ 
ment  (Figure  78),  wave  amplitude  (Figure  79),  and  the  wave  frequency 
curves  (Figure  80)  were  plotted  using  the  same  type  of  plots  as  was 
used  with  the  side  by  side  ducts. 
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Annular  Noazle 

The  annular  noKzle  projected  the  spray  almost  vertically,  even  at  the 
very  low  disk  loading  of  2,31  pounds  per  square  foot.  Large  drops 
were  lifted  four  to  six  inches  above  the  water  surface  (Figures  37a, 
b  and  c).  The  VRiter  under  the  base  plate  appeared  to  be  mucli  rougher 


Fig,  37a»  Test  V  A  3  Annular 
Nozzle  w  "  2,31 


Fig,  37b,  Test  V  A  2  Annular 
Nozzle  V  >  9*6U 


Fig.  37c,  Test  V  A  1  Annular 
Nozzle  V  ■  16,6 

than  that  under  the  plenum  chamber,  and  the  overall  spray  was  greater, 
at  the  same  thrust,  for  the  annular  nozzle.  The  series  of  photographs 
shows  the  plenum  chamber  configuration  in  operation  at  w  ■  2,31,  w  ■ 
9,6lt  (T  -  $0  pounds)  and  w  ■  16,6  pounds  per  square  foot.  Wave  rods 
were  located  as  shown  in  Figtire  U2.  The  sxirface  displacement  (Figure 
8l),  wave  amplitude  (Figure  82),  and  wave  frequency  curves  (Figure  83) 
were  prepared  in  the  same  manner  as  those  for  the  side  by  side  ducts. 


35 
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Figure  Ul 


Qeneral  Arrangement ,  Test  EquipD.ent 
Plenum  Chamber 


Figure  53 


Annular  Nozzle  Pressure  Measurements 
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APPEMDIX  I 


DESCRIPTION  OF  SOILS  AND  TEST  SITES 


Introduction 

1*  The  duct  adapter  test  program  was  conducted  at  the  U*  S«  Array 
Engineers  Waterways  Esqierlment  Station,  Vicksburg,  Mississippi  during 
the  period  of  23  August  to  23  September  I960.  The  Waterways  Experi¬ 
ment  Station  supported  the  tests  by  furnishing  the  sites,  performing 
necessary  soils  classifications,  and  determining  the  soil  condition 
at  the  time  of  the  tests.  Presented  here  Is  a  description  of  the 
test  sites,  classification  of  materials  tested,  and  condition  of 
materials  at  time  of  testing. 

Terminology 

2.  Pertinent  terms  used  in  this  report  eure  defined  as  follows s 

a.  Unified  Soil  Classification  System.  The  Unified  Soil  Classi- 
fioation  System,  w!:3.ch  has  been  adopted  as  standard  by  the 
Corps  of  Engineers  and  the  Bureau  of  Reclamation  and  is  in 
general  use  by  several  other  agencies,  is  used  as  a  basis 
for  classification  of  the  soils  tested.  This  system  is  based 
on  the  Identification  of  soils  according  to  their  textural, 
and  plastic  qualities  and  on  their  grouping  with  respect  to 
behavior.  The  soil  is  given  a  descriptive  name  and  a  let¬ 
ter  symbol  indicating  its  principal  characteristics.  The 
following  properties  are  used  as  a  basis  for  classificationt 

(1)  Percentage  of  gravel,  sand,  and  fines  (fraction  passing 
No.  200  sieve). 

(2)  Shape  of  grain-size  distribution  curve, 

(3)  Plasticity  and  compressibility  characteristics. 

A  complete  description  of  the  Unified  Soil  Classification 
System  is  given  in  Waterways  Experiment  Station  Technical 
Memorandum  No.  3-357  dated  March  1953. 

b.  Atterberg  limits.  The  Atterberg  limits  are  defined  briefly 
as  the  water  content  of  a  soil  at  the  transition  points  be¬ 
tween  the  general  stages  of  consistency!  that  is,  liquid. 
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2.  b.  plastic,  seniisolid,  and  solid  stages*  The  liquid  llinit  (LL) 

and  the  plastic  liMt  (PL)  express  the  upper  and  lomr 
limits,  respectively,  of  the  plastic  range  of  a  soil.  The 
difference  between  these  two  limits  expresses  numerically 
the  plasticity  of  a  soil  and  is  referred  to  as  the  plasticity 
index  (PI),  The  test  procedures  used  for  determining  the 
liquid  and  plastic  limits  were  essentially  the  same  as  ASTH 
Designations  D  1+23-39  and  D  U2U-39,  respectively, 

c.  Gradation,  Soil  gradation  refers  to  the  distribution  of 
grain  sizes  in  soils.  This  distribution  is  normally  shown 
by  a  grain-siae  our^e  in  which  grain  size  in  millimeters  is 
plotted  against  percentage  of  fines  by  weight.  Sieve  analysis 
testa  (ASTM  C  136-4i6)  were  used  for  determining  the  grain- 
size  distribution  of  soil  particles  coarser  than  a  200-me3h 
sieve  (0,07U  millimeters),  and  a  hydrometer  analysis  (ASTM 

D  Ii22-5UT)  was  used  for  determining  grain-size  distribution 
for  materials  finer  than  a  200-me8h  sieve. 

d.  Water  conuenu,  water  cbriterit  (w)  is  the  ratio,  expressed  us 
a  percentage,  of  the  weight  of  water  in  a  soil  mass  to  the 
weight  of  the  solid  matter.  Tests  were  conducted  in  accordance 
with  ASTM  D  698-58T. 

e.  Density,  Density  of  a  soil  is  the  weight  per  unit  volume}  in 
this  report  it  is  expressed  as  dry  density  in  pounds  per 
cubic  foot.  Tests  were  conducted  by  the  sand-density  and 
drive-cylinder  methods  in  accordance  with  Corps  of  Engineers’ 
procedures . 

Description  of  Soils  and  Test  Sites 

3,  Tests  were  perforired  on  tiie  following  soils  and  test  sites? 

a.  Lean  clay  (CL) 

b.  Sand  (SP) 

(1)  Dry 

0.  Sandy  gravel  (OW) 

d.  Water 

U,  Grain-size  distribution  curves  and  Atterberg  limits  data  for  the 
soils  tested  are  shown  on  plate  1,  A  narrative  description  of  the 
soils  and  condition  of  test  sites  is  presented  in  the  folloring  para¬ 
graphs. 
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5*  Lean  Clay.  The  material  used  was  a  fine-grained  soil  of  medium 
plasticity  (PI  of  13)  which  classified  as  a  lean  clay  (GI) ,  This 
soil  is  commonlly  I’efierred  to  as  a  loess  deposit  and  is  typical  of 
loess  formations  found  throughout  the  midwestern  part  of  the  United 
States  and  natT-  other  areas  of  the  world  such  as  the  southern  edge 
of  the  Gobi  Desert  in  central  Asla^  the  Tellow  Sarth  Area  in  north¬ 
western  China,  central  Europe,  Palestine,  and  the  western  half  of 
the  Union  of  South  Africao  Tests  were  conducted  on  the  loess  soil 
under  the  fol].owing  conditions! 

a.  Plowed  Section  (Flat)»  Tests  Ii2  through  li5  and  U?  through 
5,^  were  conducted  in  a  flat  plowed  section  approximately 
20  by  250  feet  in  area.  The  material  was  scarified  by 
one  pass  of  the  scarifying  teeth  on  a  motor  patrol  and 
then  pulverized  to  a  depth  of  about  9  inches  with  two 
passes  of  a  pulvitnixer.  This  resulted  in  a  very  loose 
material  simulating  a  freshly  plowed  flat  field  which 
might  be  used  for  sowing  grain  crops  such  as  wheat,  oats, 
etcetera.  The  area  contained  material  ranging  in  size 
from  3-inch  clods  of  soil  to  dust.  The  dry  density  ranged 
from  36  to  73  pounds  per  cubic  foot,  and  the  water  con¬ 
tent  ranged  from  9  to  22  percent.  Actual  test  values  of 
water  content  and  density  are  given  in  table  1. 

6.  Sand.  The  sand  used  in  the  tests  classified  as  a  non-plastic, 
uniform,  fine  sand  (SP)  and  was  obtained  from  a  sand  bar  along  a 
small  river  in  the  Vicksburg  area.  This  sand  is  typical  of  many  river 
bar  sands  found  throughout  the  world,  and  the  behavior  under  blast 
would  be  about  the  same  for  any  sand  of  similar  gradation,  density, 
and  water  content.  Tests  were  conducted  on  sand  sections  constructed 
under  shelter  for  the  following  conditions! 

a.  Dry  Sand.  Tests  26  through  Ul,  i'46,  and  $6  through  39 
were  conducted  on  test  sections  which  were  20  feet  wide, 

30  feet  long,  and  1  foot  deep  and  were  constructed  of 
air-dry  sand.  The  material  was  placed  in  a  trench  sec¬ 
tion  and  was  hand-spread  to  grade.  Water  content  values 
varied  from  about  ,2  percent  at  the  surface  to  .9  percent 
at  the  bottom  of  the  layer.  The  sand  was  in  a  relatively 
loose  state  and  had  an  average  dry  density  of  about  91 
pounds  per  cubic  foot, 

7.  Sandy  Gravel.  The  material  used  in  these  tests  was  non-plastic, 
mil  graded  sandy  gravel  (GW)  with  inch  maximum  size  particles, 

'floe  material  was  obtained  from  an  alluvial  gravel  bar  deposit  vfhich 
is  typical  of  such  deposits  along  many  streams  throughout  the  wrld. 
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7*  (oontlnoed) 

Tha  Eiandy  gravel  'was  placed  in  a  trench  section  20  feet  tiide,  6o  feet 
longf  and  one  foot  deep*  This  material  had  been  sprinkled  and  com¬ 
pacted  prior  to  some  tests  conducted  in  June  I960.  The  eroded  sec¬ 
tions  left  by  those  tests  were  repaired  with  no  additional  compaction 
or  moisture  being  added.  The  average  dry  density  of  the  material 
was  118  pounds  per  cubic  foot  and  the  water  content  varied  from  3.2 
to  I(.3  percent* 

8.  Water.  Tests  1  through  25  were  performed  over  water  which  was  22 
inches  deep  and  was  confined  by  sand  dikes  to  a  pool  approximately  ItO 
feet  wide  by  100  feet  long.  Tha  dilces  were  sloped  to  approximately 
1  on  3  to  dissipate  any  wave  action  occurring  during  the  tests.  Data 
for  developing  a  profile  of  the  trough  produced  under  the  various 
tests  were  obtained  by  instrumenting  the  area  under  the  ducted  fan 
adapters  with  a  series  of  wave  rods  and  recording  the  water  elevation 
on  an  oscillograph. 
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SaMMARY  OF  SOIL  TESTS  FOR  DOWHWftSH  IMPIHQEMEMT  STUDY 


Soil  Conditions 


Test  No. 

Soil  Type 
and  Condition 

D¥pth 

In. 

nbisture 
Content,  % 

Dry  Density 
Ib/ou  ft 

1-25 

Water 

~ 

— 

— 

26-28 

Sand 

0-2 

2-lt 

U-6 

6-8 

8-10 

10-12 

0.2) 

0.2) 

0.3) 

0.3)  ” 

0.9) 

0.8) 

91.5 

29-Ul 

Sand 

0-3 

3-5 

5-8 

8-10 

10-12 

0.2) 

0.3) 

O.li)  ~ 
0.3) 

0.3) 

90.5 

U2 

Lean  oliQr  (plowed) 

0-10 

20.6 

57.8 

Lean  clay  (below 

depth  of  plowing)  10-lit 

2U.7 

87.1 

U3  &  Ui 

Lean  clay  (plowed) 

0-3 

3-6 

6-8 

8-10 

18.5) 

21.0) 

21.3) 

20.7) 

58.2 

U5 

Lean  olay  (plowed) 

5-8 

19.8 

59.1 

1;6 

Sand 

0-6 

0.3 

“ 

6-12 

0.7 

~ 

It? 

\ 

Lean  olay  (plowed) 

0-3 

3-5 

5-8 

8-10 

9.6) 

19.0) 

19.U)  “ 
20.2) 

57.6 

U8 

Lean  clay  (plowed) 

2-1; 

5-8 

15.6) 

19.7) 

62.1 
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Soil  Condltiona 


Test  Ho. 

Soil  Type 
and  Condition 

Depth 

In. 

Moisture 
Content.  % 

Dry  Density 
Ib/cu  ft 

1j9 

Lean  clay  (plowed) 

0-3 

13.8 

6U.0 

Lean  clay  (below 
depth  of  plowing) 

9-12 

20.3 

93.U 

50 

Lean  olay  (below 
depth  of  plowing) 

9-12 

21.3 

9h,9 

51 

Lean  clay  (plowed) 

0-3 

lli.7 

6l.O 

52 

Lean  clay  (plowed) 

0-3 

18.2 

63.1 

53 

Lean  clay  (plowed) 

6«9 

19.9 

71.2 

Sh 

Lean  clay  (plowed) 

0-5 

13.9 

68.7 

55 

Lean  clay  (plowed) 

0-10 

17.1 

72c2 

56-59 

Sand 

0-6 

o.l< 

MM 

6-12 

0.5 

60-68 

Sandy  gravel 

0-3 

3-5 

5-7 

7-9 

9-11 

0.3) 

0.7) 

2.1)  ~ 
2.5) 

3.8) 

118.2 
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APPENPn  II 
TEST  CONDITIONS 


Soil 

Z  or  Z/D 

Test 

Designation 

w 

Tine 

Adapter 

Remarks 

I  B 

U2 

3.0 

150 

1  min. 

Side  by  Side 

Wind 

2-U  mph 

I  B 

U3 

3.0 

60 

1  min. 

Side  by  Side 

I  B 

hk 

3.0 

15 

1  min. 

Side  by  Side 

I  B 

3.0 

30 

1  min. 

Side  ly  Side 

Wind  0-2  mph 

I  B 

hi 

.5 

15 

1  min. 

Side  by  Side 

Wind  0-2  mph 

1  B 

U8 

.5 

30 

1  min. 

Side  by  Side 

Wind  04;  mph 

IB 

1*9 

.5 

6o 

1  min. 

Side  by  Side 

Wind  0-U  mph 

I  B 

50 

.5 

150 

1  min. 

Side  by  Side 

Wind  0-2  mph 

I  B 

51 

,25  ft. 

8.1*0  to 

Plenum 

Trial  run  vdth  variable 

31.25 

1  min. 

Chamber 

disk  loading  for  obser¬ 
vation  only 

I  B 

52 

.25  ft. 

8.U0 

.  1  min. 

Plenum 

Chamber 

Wind 

0-U  mph 

I  B 

53 

.25  ft. 

31.25 

1  min. 

Plenum 

Chamber 

Wind 

0“U  mph 

I  B 

5U 

.25  ft. 

9.6U 

1  min. 

Annular 

Nozzle 

I  B 

55 

.25  ft. 

16.6 

1  min. 

Annular 

Nozzle 

Wind 

0-2  mph 

III  A 

26 

.5 

150 

1  min. 

Side  by  Side 

Wind 

10-15  mph 

III  A 

27 

.5 

100 

1  min. 

Side  by  Side 

Wind 

5“12  mph 

III  A 

28 

.5 

60 

1  min. 

Side  by  Side 

Wind 

IO-I6  mph 

III  A 

29 

.5 

30 

1  min. 

Side  by  Side 

Wind 

10-15  mph 

III  A 

30 

.5 

15 

1  min. 

Side  by  Side 

Wind 

10-15  mph 

III  A 

31 

1.5 

15 

1  min. 

Side  by  Side 

Wind 

5-8  mph.  hole 

profile  measured 

III  A 

32 

1.5 

30 

1  min. 

Side  by  Side 

Wind  3“U  nq?h,  hole 
profile  measured 

III  A 

33 

3U 

1.5 

60 

50  sec. 

Side  by  Side 

Wind  3~U  mph,  hole 
profile  measured 

III  A 

1.5 

100 

30  set. 

Side  by  Side 

Wind 

2-U  mph 

III  A 

35 

1.5 

150 

18  sec. 

Side  by  Side 

Wind 

2-U  mph 

III  A 

36 

3.0 

15 

1  rain. 

Side  by  Side 

Wild 

6-9  mph 

III  A 

37 

3.0 

30 

1  rain. 

Side  Side 

in  A 

38 

3.0 

60 

1  min. 

Side  by  Side 

Wind 

0-9  mph 

III  A 

39 

3.0 

100 

U5  980. 

Side  by  Side 

Wild 

6-9  mph 

III  A 

Uo 

3.0 

150 

Uo  sec. 

Side  by  Side 

Wind 

3-5  mph 
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Soil 

Designation 

Z  or  Z/D 

V 

Test 

line  Adapter  Remarks 

III  A  Ul 

1.5 

60 

50  sec.  Side  by  Side  Wind  3“U  nph 

III  A  U6 

1.5 

60 

Extended  ductsj  hole 
profile  measvired 

50  sec.  Side  by  Side  Wind  0-2  mph.  Single 

III  A  36 

.23  ft. 

9.6U 

duct  impingement^  hole 
profile  obtained 

1  min.  Annular 

III  A  37 

.23  ft. 

16.6 

Nozzle  Wind  0-2  mph 

1  min.  Annular 

III  A  38 

.23  ft. 

8.U0 

Nozzle  Wind  0-2  mph 

1  min.  Plenum 

III  A  39 

.23  ft. 

31.25 

Chamber  Wind  0-2  mph 

1  min.  Plenum 

IV  A  60 

.23  ft. 

8«U0 

Chamber 

1  min.  Plenum 

IV  A  61 

.23  ft. 

31.25 

Chambier  Wind  0-2  mph 

1  min.  Plenum 

IV  A  62 

.23  ft. 

9.6h 

Chamber  Wind  0-2  nph 

1  min.  Annular 

IV  A  63 

.23  ft. 

16.6 

Nozzle  Wind  2-U  mph 

1  min.  Annular 

IV  A  6U 

.5 

15 

Nozzle  Wind  0-2  mph 

1  min.  Side  by  Side  Wind  2->!  mph 

IV  A  63 

.5 

60 

1  min.  Side  by  Side  Wind  2-1;  mph 

IV  A  66 

.5 

150 

10  sec.  Side  by  Side  Wind  0-2  nph 

IV  A  67 

3.0 

60 

1  min.  Side  by  Side  Wind  0-2  nph 

IV  A  68 

3.0 

150 

23  sec.  Side  by  Side  Wind  0-2  nph 

V  A  1 

.23  ft. 

16,60 

-  Annular  Nozzle 

V  A  2 

.25  ft. 

9.6U 

-  Annular  Nozzle 

V  A  3 

.25  ft. 

2.31 

-  Annular  Nozzle 

V  A  1; 

.23  ft. 

31.25 

Plenum  Chamber  No  vave  rod  readings 

V  A  3 

31.25 

obtained 

-  Plenum  Chamber 

V  A  6 

.25  ft. 

8.itO 

-  Plenum  Chamber 

V  A  7 

.25  ft. 

U.36 

-  Plenum  Chamber 

V  A  8 

3.0 

8 

Side  by  Side 

V  A  9 

3.0 

15 

Side  by  Side 

V  A  10 

3.0 

30 

Side  by  Side 

V  A  11 

3.0 

60 

-  Side  by  Side 

V  A  12 

3.0 

100 

-  Side  by  Side 
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Soil 


DeslRuation 

Z  or  z/D 

w 

V  A  13 

3.0 

150 

V  A  m 

1.5 

8 

V  A 

i.$ 

15 

V  A  16 

1.5 

30 

V  A  17 

1.5 

60 

V  A  18 

1.5 

100 

V  A  19 

1.5 

150 

V  A  2C 

.5 

8 

V  A  21 

.5 

15 

V  A  22 

.5 

30 

V  A  23 

.5 

60 

V  A  2b 

.5 

100 

V  A  2f) 

.5 

1‘JO 

Test 

Time  Adapter  Retnarka 

-  Side  by  Side 

Side  by  Side 

-  Side  by  Side 

-  Side  by  Side 

>  Side  by  Side 

>  Side  by  Side 

Side  by  Side 
Side  by  Side 
Side  by  Side 

-  Side  by  Side 

>  Side  by  Side 

~  Side  by  Side 

Side  Side 
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